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Abstract 
Evaporative cooling system is an environmentally-friendly and energy saving technology for air conditioning. 
However, in hot and humid climates, it is rather inefficient due to the high wet bulb temperature of the ambient air. In 
order to take advantage of indirect evaporative cooling (IEC) system in humid tropical climates, we present a hybrid 
system that combines IEC system and vapor compression system. In the IEC unit, the exhaust air from the 
conditioned room is used as the working air, and outdoor fresh air is used as the product air so that the IEC unit 
produces pre-cooled air for vapor compression system. In this study, two types of IEC units, namely, a conventional 
counter flow IEC unit and a novel counter flow IEC unit based on M-cycle, have been numerically analyzed. Results 
have indicated that the humid outdoor fresh air can be pre-cooled to a temperature below its dew point temperature 
when the wet bulb temperature of the exhaust air is lower than the dew point temperature of the outdoor air. In 
addition, the use of IEC reduces the cooling load of the vapor compression system, as a result, the hybrid system has 
a large potential to reduce electricity demand and energy consumption. 
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1. Introduction 
In hot and humid climate, a stand-alone indirect evaporative cooling (IEC) system is inadequate to 
produce comfort conditions for cooling buildings because of the high wet bulb temperature of the ambient 
air [1]. In this case, IEC system can be employed as a pre-cooling unit before a mechanical vapor 
compression refrigeration system. This combination will result in a substantial saving in energy 
consumption [2]. A schematic of the hybrid system for cooling application is presented in Fig. 1. 
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Nomenclature 
c concentration of water vapor [mol/m3] 
 specific heat capacity [J/(kg·K)] 
D  diffusion coefficient [m2/s] 
t time [s] 
T temperature [K] 
u  velocity vector [m/s] 
τ   viscous stress tensor [Pa] 
ρ density [kg/m3] 
In recent years, a new type of IEC unit based on the M-cycle has emerged and showed better 
performance compared with the conventional one [3,4]. The IEC units in this study are shown in Fig. 2. 
One is a conventional counter flow unit and the other is a novel counter flow IEC unit based on M-cycle 
[5]. In the hybrid system, room exhaust air can be used as the working air in IEC unit [6]. Since the large 
temperature difference between the room exhaust air and the outdoor air, it is possible to have the product 
air dehumidified. Therefore, the heat and mass transfer process in the IEC unit of this hybrid system is 
more complicated. 
 
Fig. 1 Schematic of the hybrid IEC and vapor compression cooling system. 
However, few studies have investigated the hybrid system in hot and humid climate. The objectives of 
this paper are to introduce the hybrid system, develop a numerical model for the heat and mass transfer 
process in the IEC unit, and analyze the performance of system using the validated model. 
2. Numerical modeling 
The governing equations for the air flow in the cooler are based on the Navier-Stokes equations. The 
general form of the continuity equation, momentum equation, and heat equation are: 
                                                                                                                                           (1) 
                                                                                                                       (2) 
                                                                                                                       (3) 
In the wet channel, mass transfer between the water film and the moist air is determined by the mass 
balance equation. 
                                                                                                                                  (4) 
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Fig. 2 Schematic of the indirect evaporative cooler. (a) Conventional IEC unit. (b) IEC unit based on M-cycle. 
3. Validation 
The numerical model was validated against the experiment data from literature. Modeling results were 
compared with the experimental measurement [7] as shown in Fig.3. The model shows a good agreement 
and predicts the performance of the cooler very well. 
 
Fig. 3. Comparison between the measured air temperature distribution along the dry channel and the modeled result. 
4. Results and discussion 
4.1. Psychrometric description 
The psychrometric illustration of the air treatment process in the hybrid system is schematically shown 
in Fig. 4. The outdoor air is cooled and dehumidified in the product channel in the IEC unit from point O 
to point P. The working air in the IEC unit is the exhaust air which is heated and humidified in the 
working wet channel (from point R to point E). The product air then flows into the vapor compression 
unit so that the air can be processed to a desired condition. 
 
Fig. 4. Psychrometric illustration of the air treatment process. 
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4.2. Performance of the IEC unit 
Fig. 5 shows the product air temperature at the outlet of the IEC unit predicted by the numerical model 
under different inlet air temperature and humidity conditions. It can be seen that the outlet air temperature 
increases with the increase of the inlet air temperature and relative humidity due to the higher sensible 
and latent cooling load. In addition, compared with the conventional IEC unit, the novel IEC unit based 
on M-cycle has a lower outlet air temperature under the same inlet condition. 
 
Fig. 5. Outlet air temperature under varying inlet conditions. (a) Conventional IEC unit. (b) IEC unit based on M-cycle.  
5. Conclusion 
A hybrid IEC and vapor compression cooling system has been introduced. We developed a 
computational model that was validated against experiment data from literature. The performance of two 
types of the IEC unit under humid tropical climate condition has been studied. Energy consumption can 
be reduced by using indirect evaporative cooling as pre-cooling unit in humid tropical climate 
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